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In the original derivetion of sppendixes A and B, the load
Pactor n was inappropriately included in the definition of 7.
T ThE Tollowing changes should beé" noted: _ BES

aTe TrE:

Page 4, change T aerodynamic time [ (pVSy/mm)t]
to T aerodynamic time [ (pVSy/m)t]

Pages 15 to 24, change np to p.

'l:/n t
Page 20 equation B5 first line, change f to f
' o] o

Page 20 equation B5 third line, delete -1]—;

Page 20 equation B5 fourth line, delete n.

Page 20 sgixth 1line, change blz‘s/NBn to blszB

Figure 4, change nu to u.

The section "Deslgn Charts" should be interpreted in accordance with
the implications of the sbove changes. In particular, the distinctions
made between nu and p are no longer pertinent. '
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SIDESLIP ANGLES AND VERTICAL~TATIL LOADS IN ROLLING PULL-OUT MANFUVFRS

By Maurice D. White, Harvard Tomex, -and Howard L. Turner
SUMMARY

Previous NACA reporte have indiceted that 1t is possible to dsvelop
angles of sldeslip which may cause critical vertical—taill locade in abrupt
rudder~fixed rolls from accelsrated flight, but the rellability of methods
for predicting these sideslip angles has not beern demonstrated. In this
report exsressions for calculating the sideslip angles in these meneuveérs -
are derived from theoretical considerations, and numerical solutlcons are -
obtalned for a wide enough range of variasbles to permit comstruction of
design charts. Couparison of the maximum sideslip angles obtained from '
the design charts and from fligut tests with those cbtained using a ' =
greatly simplified expression indicates sufficiently close sgreement to ’
warrant use of the simplified sxpression for first approximaticns in pre— "
dicting sideslip angles and vertical—tail loads occurring in rolling pull-~ =z
out maneuvers for conventlonal allerons. An approxlimste method for itreat—~ -
ing cases of nonlinear directlonal—stability charactoristics is presented
which gives reasonably good results. The vertical—tail loads measured on
one airplane in rolling pull-oul maneuvers &UPresponded closely with thoee
calculated by the simplest methods when the actual sideslip angles attainod
were appliled. 2

INTRODUCTION

Recently attention has been directed to the rolling pull-out mansuver
as g condltion In which critlcal loads might be developed on the vertical
tall through the attainment of large sideslip angles (reference 1). Sub-
sequent flight tests have verified the fact that the vertical-tall loads
in rolling pull-out maneuvers may exceed deslign loads based on other
mansuvers. To indicate the order of magnitude of these loads approximate
expressions were presented in reference 1 for estimating the maximum side~ &
slip angles and meximum vertical—taill loads developed in this maneuver; T
1%t was indicated in reference 1, however, that flight values might exceed
the values computed by these approximate expressions. Comparison of the
gideslip angles dstermined in flight with those computed using the
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approximate expression of reference 1 verlfled that the approximate ex—
pression underestimetes the sidesllip angles developed, ln meost cases

by a factor of the order of 2. This result indicated that the usefulness .
of the spproximate expression of reference 1 is limited to the purpose

of that report; that is, to demonstrate the importence of the rolling

pull-out maneuver.

To provide information better suited to design purposes a mors cam--
plete analysie has been mede of the rolling-pull out mansuver. In the
analysis s simplified expression suitable for preliminary deaign is
developed for predicting the sideslip angle resulting from the rolling
pull-out maneuver. Dosign charts which may be utilized for more procise
computaticns are presented, and the effects of such factors as nonlinear
directional-stabllity characteristics are discussed., Flight data aro
pregented and compared with the analytical resnlis.

The determination of vertical--tgil loads in rolling pull-out manouvers
resolves itself essentlally into the determination of the sideslip angles
developed. This is demonstratod by the agreement shown in figure 1 be-—
tween vertical—tall loads determined in flight and those computed by the
glmplest methods using measured values of sideslip angle, with no regard
for sldewash effects, differences in the dynamic pressure at the tail
from free-stream dynamic pressure, or poesible yawing velocitles. For .
this reason the present report is devoted exclusively to the determination
of the sideslip angles developed in rolling pull-outs,

SYMBOLS

The following symbols are used throughout this report:
A aspect ratio (b,%/s.)
e real part of complex root
b Imaginaery part of complex root
w wing span, feet
e acceleration due to gravity, 32.2 feet per second per second
Iy  moment of inertia of alrplane ebout X-axis, slug-feet square
I, moment of inertia of airplene sbout Z-axis, slug—feet square

1,  4Iz/mp P
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LI, fuib 2 S e _ -
radius of gyration about X-—axis, fest |

radius of gyration sbout Z-axis, feet

load on vertical tell, pounds’

tall length, feet

megss of alrplane, slugs

normal acceleration divided by acceleration of gravity

rate of roll, radlans per unilt asrodynamic time |

rate of roll, radisns per second

free—stream dynamic pressure, pounds per square foot (%@V? >
dynemic pressure at tail, pounds per square foot

rate of yaw, radlans per wilt ssrodynamic time

rate of yaw, radians per second

wing area, square feet

vertical—tall sree, square fest

operatlional parametsr

time, seconds )
velocity of ailrplane along flight path, feet per second
component of flight velocity alonle~ax;s, feet per se;;nd
welght of sirplane, pounds' | |

angle of sideslip (positive when right wing is forward), radians
angle of sideslip, degrees

rudder deflection, degrees

angle between horizontal plane and relative wind, radians
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damping Factor (used in e*nt)

wing teper ratio ( tip chord )
‘root chord

relative density coefficient (m/pS.b.)
air density, slugs per cuble foot

sevodynemic time [ (pVS,/Hm)tl]
1 N
relative rudder effectiveness [ 3Cy, /36w

engle of bank, redlans

angle of yaw, radlisns

moment about X-axis, foot-pounds

moment sbout Z-exis, foot—pounds

normal force on vertical tall, pounds

force along Y-exls, pounds

vertical tail normal force coefficient (Ny/aySy)

slope of curve of vertical—tail normal-force coefficient
ageinst angle of attack, per degres

1ift coefficient (nW/gSy)
lateral force coefficient (Y/g5.)
rolling-moment coefficient ‘(L/qS,b.)

increment of rolling-moment coefficient due to lateral-control
deflsction

yewing-moment coefficient (N/gS b, )

increment of yawing moment coefficient dus to lateral-control
deflaction

&y /0B
3Cy /OB
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Cly

é* kf* éz ,gz &F

B-it

/Cng°>

(Cns° A

aCn /38
C1/3(rby/EV)
ICn /3 (xby/2V)
3¢, /3(pby,/27)
ACn /3 (pbyw/2V)
(aS,,/uV)Cygy
(qswbw/kaZ)CzB
(aSyby/mkz®)Cpg
(Syby/mi ) (’ow/ev)c:np _ | L
(C.!.Swlu;,/zuukzz)(bW/zv)c:nr - L

(@S by /micg™) (bw/EV)Clp | {
(Swby/miex®) (by/27)C1y . s
paremeters used in computing B pay° for nonlinear curves

of Cn against B

THEORETICAL ANALYSI_S

For the purposes of the theoretical analysis the rolling pull-out
maneuver is. consildered to consist of an sbrupt aileron deflection in
accelerated flight, the rudder being held fixed. The normal accelera—
tion and the aileron deflectlon are considered constant throughout the
meneuver, and the angle © bhetween the horizontal plane and the rel—
atlve wind is considersd small enocugh so that cosf@ can be set equal to
unity. These assumptions are conservatlve in that they will result in
computed sldesllp angles larger than those that would be obtalned in
actual f1light maneuvers where a finite time is required to teach maximum
normal Ycceleration or maximum aileron deflection or where the normal
accelerdtion is unsteady or where the angle 6 is large. The éffect of B
differences In 6 on the magnitude of the maximum computed angle of &ide—
slip will be small, but the sffect of unsteady normal acceleration may be
larger, though still conservative.
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In the analysis the parameter (ACz/CzP)(CL/Cnﬁ") is substituted
for the persameter (pb/ZV)(CL/Cnﬁo) used in reference 1.

. The equations and methods used in the theoretical anaslysis are
given in detall in eppendixes A, B, end C. Appendix A gives the equa-—
tions for which numerical solubions are obtained in order to develop
deslgn charta., In appendix B a simplified expression is obtained for
calculating the maximum sideslip aengle developed in reolling pull-cute,
Appondix C describes an approximation mede for the gravity componont of
force on the alrplane which pertnits its inclusion in the equatione of
motion ae a linesr faector.

Simplified Expression

The theoretical analysis presented in detail in appendix A and
appendix B leads to the results plotted in figure 2 from which the
following simplified expression for the maximum sideslip angle devel—
oped in rolling pull-out maneuvers is deduced:

8%ex
mer = 1/b (1)
(01 /C1,) (CL/Cnpo)

In the derivation of this expression the value of C,  was assumed

as Cr/16. This value 1s about the mean of ths values of Cr/18 and
CL/lh which would be deduced for aspect ratios of 6 and 10 end a taper
ratio of 0.5 from reference 2. The relative insensitivity of this walue
to changes in both aspect ratio and taper ratio within current design
limite is noteworthy. The values of Ciy, presented in reference 2

are based on 1ifting-line theory; refinements 1o these values based on
lifting—surface theory are shown in reference 4, '

In the development of equation (1), 1t was also assumed that the
adverse yawing-moment coefficlent of the allerons was glven by

M0p = (803/C1,) (CL/16)

This 1s the theoretical value for a wing of aspect ratio 8 and taper
ratlo 0.5 having ailerons extending over the outer 50 percent of the span,
as obtuined by combining date in references 2 and 3. These references
may also be uscd to determine values of &L, for other wing-ailsron

configurations,
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In reference 3 only the induced yawing moment due to the ailerons
is considered. TFor large alleron deflections or for unconventional
allerons the profile drag effect may also be impcrtent. An expanded
form of equation (1) which may ve used to account for small differences
in AC, from that assumed for equation (1) is given by equation (2).

Pomax ‘=299§.(9lp_>+l (2)
(403 /C1p) (On/Cng®) cr “acr’ 8

For reasons discussed in more detall later, the validity of egpation (2)
decroases es the value of AC, departs from (ACZ/CZP)(CL/IE .

The sum of the values of Cnp and 4ACp ueed in deriving equatlion

(1) 48 equal to thet used in deriving the squlvalent expression given in
reference 1. The value of the constant 1/4 given in equatiom %1) is,
however, twice that obtained in reference 1, which indicates that the
derivation of reference 1 which 1s based on static conditions is over—
simplified.

In the next section of this report, Design Charts, the results of
a more exact snalysis indicate that equations (1) and (2}, while satis—
factory for the preliminary design of airplanes with conventional arrenge—
ments, may be greatly In error for airplenes with unconventional lateral—
control devices such as spoilers. ' B

Design Charts

In order to provide data suiteble for design purposes, and to show
by comparison the applicability of equations (1) znd (2), & numerical
analysis was mede in which the maximum sildeslip angle developed for
each of several combinations of veriables was determined. The equatione
of appendix A used for the analysis involve only minor assumptions and
these are such as to result in slightly lesrger compu'ted angles of side-
8lip then would actually be obtainsd.

The range of variables considered covers the limits of conventiomal
design practice. The analysis was made for ths conditions of the V-n
diagram shown in figure 3. Calculations were made .for the curve of
Cy, = 0.9 (curve A~B in fig. 3) and at a high-speed" point for n=8

(point C in fig. 3). Results obtained from this snalysis are considered
equally applicable to the reglon within the boundery shown in figure 3.
Compressibllity effects are not considered in the analysis.



8 NACA TN No. 1122

Along the normal acceleration—veloclty curve, values of npn of
30, 75, and 120 were considered for a 0O of 0.9 and of 120 for a O

of 0.35. The value of u for an alrplane with a wing loading of 40
pounds per square foot and e span of 40 feet at sea level 1s about 13.
Variations in the other parametors such as, vertical-tail size, dihedral
effect, moment of inertia ebout the airpléne X— and Z-axes, and wing
aspect ratio and teper ratio were considered either individually or in
comhination where 1t appeared adviseble. The combinations of parameters
used in these computations arep given in table I. Since the analysis

was carried out on a dlmensionless basis, the velocity and normal accel-
eration for any particular airplane configuration may be calculated from
the expression .

V = 8.02 /2¥DW reet per second
CL

In cases where the oscillations were divergent the maximum value of the
gldeslip angle was considered to be that attained in the first poak.

The results of the numerical analysie ars presented in figures 4
and 5 in a form that permits easy interpolstlon for design purposes.
The curves of figure 4 cover the part of the V-n diagrem which is
1imited by meximum 1ift coefficient (curve A-B of fig. 3). In figure
L(a) the variation of BC%ax with (AC;/CZP)(CL/Cnﬁo) is presented

for various values of CnBo, ACp, and nu for a value of Cipg0 =
-0,0010; corresponding data for a value of CzBO = 0 are shown in
figure 4(b).

Similar curves for very high speeds and high normal acceleratlion
(goint C of fig. 3) are shown in figure 5. TFor purposes of ccmpsarison,
Bnax a8 calculated from equation (2) with AC, set equal to
(AC-,,/CZP)(CL/lG) is showvn on all the curves. Also the results of

applying equation (2) to the case of ACp = 0 is indicated in figure
4 for comparison with the corrssponding curves obtained from the mumsrical
anslysis,

The curves of figure 4 indicate that for preliminary estimates of
sldegllp angles and corresponding vertical—tall loads the use of equation
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(2) for values of AC, around (ACz/Czp)(CIJIG), thet is, equation (1),

is satisfactory, the percentage error being for most practical configu—
rations of a relatively low megnitude and the dirvectlon of the error
being conservative except for arrangements having low dilhedral effect
and low directional stabillty. The deviatlons in the latter case are
greatest for the lowest valuss of mnyu whers, from the standpoint of
vertical—taill loads, the Importance of the deviaetions would be less,
gince low velues of unlu represent low values of normal acceleration and
hence of Oy, which correspond to low values of B.

The agreemsnt shown in fi e 4 between the design charts and the
curve representing equation (2) with A0, = 0 1is poorer than the agree—
ment shown with ACy = (C1/Cip)(CL/16). Yrnts poorer agreement results
from the fact that equation (2) neglects a phase relstionship that
exists between the effects of AUp &and Cp,. This phase relationship
is properly accounted for only where ACH = (Cz/Cz y(C1/16) eas in
equetion (1), so that equation (2) becomes less valid as 1t departs
from equation (1). The varying discrepencies indicated in figure 4
between the results of the numsrical analysis and of the application
of equations (1) and (2) may be used as an indication of the dis—
crepancles that will arise from the use in esquation (2) of other values
of &nn

Results of applying the numerical anslysis to high values of nun

and low values of C3, which together correapond to high speeds and

high accelerations are shown in figure 5 and indicate that for this
condition the use of equation (1) is decidedly comservative for all
configurations. This condition is not considered too important as re—
gards vertical-tail loads because the maximm amount of alleron control
1s generally not applied at the highest speeds, with the result that the
loads are not critlical at the highest speeds, Thess curves ars included,
however, as an indication of the range of applicability of equation (1).

The effects of lndependent changes in several other varisbles that
were consilered in the analysis are indicated in figure 6. The results
in figure 6(a) indicate that, for the changes in configuration assumed,
the differences are of aecondary order. Figure 6(b) shows that the
rate of movement of the alleron contral within the limite indicated has
only a smell effect on the maximm sideslip angles attained.

Discussion of Nonlinear Characteristics

The preceding analysis has been carried out assuming lineer varia—
tions of Cn with B% for all configurations. In practice, however,
these curves a8 well as those fof other stébllity coefficients are
frequently nonlinear, Accordingly, an enalysis was made to develop
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methods for handling nonlinser veriations of Cyp with B° that would
permit use of the simplified equations (1) and (2) or the design charts

of figure 4., TFor thls purpose numerical calculations were made of the
maximm sideslip angles developed in rolling pull—-outs, using the equa—
tions of sppendix A, but modified by using eppropriate initial conditions,
and for simplicity, by using the angle of bank ¢ Instead of the apyroxi-
mation of appendix C. For the calculations Cngo was assumed nonlinear,
Cnp end CYBO vere assumed to vary consistently with Cpg%; eand all
other parsmeters of the sirplanc remained constant. The various curves of
C, egsinst B° covered by the calculations ars believed to encompass

roughly the varlations usually encountered in practice. The variatilons
agsumed are shown in figure 7 together with the results of the calculations
presented as values of maximum sideslip angle attained for various applied
rolling—moment ccefficients A&C3. The pergmeter O&C; was used instead of

(ﬁcz/czp)(CL/CnBo} in the abscisea of figure 7 because for the nonlinear
cese no single valus of Cppo could logically be used in the latter torm.

The curves aof figure 7 indicate that for the cases considored the
variations of B°max with ACp are consistent and may be predicted by
the following purely empirical method:

1. Denote by (CnBO)l the slope of the curves of Cp aegalnst BO
through B = 0, by (cnﬂo)z" the slope of the curve of Cp
sgalnst B° at values of p° bayond the bresk in the curve

and by PB* the sildeslip angle at which the breek in the curve
of C, against B° ocowrs. =

2, Assuming each of the slopes (Cng®)i and (CpgPlz to exist

separately through B = 0, compute the curves of B%ax
against (ACz/Czp)(CL/CnBo) from the design charts.

3. Through B =0 draw the curve of B°mgx agalnst ACj; corre—
sponding to (Cngo)lo DenotE this curve as line A.

-

4, Through PO = 1,5p* ‘ 1- (CnBO)l/CCnBO)g J "at ACp = 0,

draw the curve of B%max against AC7 corresponding to
(Cng®)2, Denote this curve as 1ine B.

The final curve is composed then of line A from B = 0 to the in-
tergection of lines A and B, and of line B . from the intersection on o
higher values of B°. The curves computed from this method for curves II,
IV, and V are shown in figure 7 for comparison with those computed by the
numerical analysis. A reascnable fairing of the intersection of lines A
and B may be applied for greater accuracy.
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This analysls was made only for curves of Cp against B° which
could be approximated by two straight lines. For cases in which this is
not sufficient, or for cases in which extreme accuracy is deslred, solu—
tlons mey be obtalned by use of a diffsrentiel ana.lyzer or 'by a step-—'by-—
step integration as in reference 5. . Cenm

The generality of the method presented and conclusions ipdicated 'by
the curves of figure 7 is nol, of course, established by the few cases
considered. The results do offer promise that with further analysis the
conclusgions will be verified or other rational simpliflcations will be
developed. In assessing the valus of the methods glven here it is of
interest to note that it gave good sgreement wlith the maximum sideslip
angles computed for the airplene of reference 5 by step—by—step methods.

FLIGHT-TEST RESULTS

Flight date which may be compared wlth the theoretical results pre—
viously dlscussed have been obtalned on two airplanes, one of which was
Tlown with two different vertical—tall configurations, Views of the air—
planes tested are shown in figure 3. A typlcal time history of a roll
out of a steady turn is given in figure 9. It will be noted in figure 9
that the maximum valus of the vertical—tail load occurs at the time of
maximum sidealip. For airplane 1, fmes £light data cbtalned in aileron
rolle were used, and for alrplane 2 at configurations 1 end 2, langley
flight date on rolling pull-outs were used, For airplene 3, 'bha maneu—
vers were not mesde steadily enough to permit corralation with the design
charts or with equation (1), the normal acceleration for most runs being
less steady than the time history showvn in figure 9.

Comparison of Flight and Theoretical Deta

For the airplanes for which flight data were available, there were
Insufficlent data to permit accurate estimation of ng or of CnB 80

that correlation could not Justifilebly be made with the design charts

presented in the preceding sections of this report. Ag an indication of
the applicability of equation (1), however, the value of Cpnp was esti~
mated by ths method shown in ta’ble II. The resulting sidesllp angles are
compared with values obtained in flight tests in figure 10. As a matter
of interest the values of sideslip angle computed from the approximate

expression of reference 1, that is, T

go = O (bw/ev) T @)
& (3cn/38°)
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are slso shown in figure 10. TFor simpliclty the change In sideslip angle
denoted by AB° is used in figure 10 instead of the aebsolute sideslip

angle of PB°. '

For airplene 1, excellent agreement is indicated between flight data
and equation (1) and correspondingly poor agreement for eguation 73).
(See fig. 10.)

For airplane 2 with configuration 1 the comparison indicates reason—
ably good cemeont between flight values of [ and values computed from
equation (1).

For alrplane 2 with configuration 2, the egresment between flight
date and equatien (1) is less favorable.

Although the date for airplane 3 werse not steady enough to permit
their inclusion in the correlation, it 1s of interest that when the
maximm accelerations were used in the computations the values of side—
glip angle wore consistently larger than those obtained in flight.

There are several factors entering into the foregoling comparison
that would explaln, at least partially, the disagreements noted and which
should be consldered in the interpretation of all the comparisons. These
factors, it will be noted, are essentlally defects in the basic data and
hence represent limitations in the application to these alrplanes of the
design charts as well as eguation (1). Omns of these factors is the value
of Cnﬁ used in the approximste expression. The method used for deter-
mining this value in the present case, noted in table II, involves the
estimation of the values of OCNi/Oat and Ty from a knowledge of
geometric properties of the airplene and of the value of dﬁr/HB as deter—

mined from steady sideslips. The methods used for estimating the values
of OCNt/dat and Ty eare based on wind—tunnel data {reference 6) and
remaln to be verified by flight tests. TFor airplanes that are already
flying, a prefersble method of determining an from £light tests is
indicated in reference 7.

In addition, the methods do not attempt to take into gccount ration—
ally the possible nonlinearlty of the curves of OCp egainst £ which
are frequently found in practice. This factor is discussed at length in
8 preceding section of thie report. In thils connection it 1s significant
that the curvea of &y versus f in steady sldeslip were less linear
for conflguration 2 than for configuration 1. of airplans 2, and the
agreement between flight and computed values of sideslip angle was not
so good for conflguration 2 as for configuratlion 1.
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A third source of error resulits from the use of the term _
(201 /C1p) (CL/16) for the adverse yewing-moment coefficient of the aller—
ons, Aside from the small differences arising from differences in wing
end aileron- configurations from that assumed, the theoretical analysis
from which this value was obtained '(reference 2 combined with reference 3)
accounts only for the induced dreg and not for ‘the profile drag dus to
aileron deflection which may in some cases be of significant value,

Vertical~-Tall Icads

For airplane 3, the flight data were obtained at the Ames laboratory
from simultsneous rudder—fixed pull-ups and rolls and from abrupt rudder—
fixed rolis from steady accelerated tuvrns. 3Both maneuvers were baesically
a sudden application of aillerons in accelerated flight and no differentie
tion is made between the date for the two maneuvers. '

The maximum loads on the vertical tall as obtained from pressure-
distributlon measurements taken while performing these maneuvers are com—
pared in figure 1 wilth those calculated using the expression

ac ' '
Ly = qt5¢ SoN% go : : ()
. dayg

The values of B° and a4 used in the expression were flight values

corresponding to the time at which the loads werse obtalned, and no allow—
ance was made for the effects of sidewash as discussed in reference 8,
and gt was assumed equal to a. However, the data were correched for
the load changes resulting from small inadvertent movements of the rudder.
At the tims of mayximum sideslip angle the tall lomds computed in this
manner geve good agreement with the measured loads; at other times Iin the
runs a5 Indicated in the time history of flgure 9, effects of yawing ve—
locity, and so forth, would have to be included to obtain correlation.

The scatter indicated in figure 1 1s partly accounted for by the accuracy
with which the loads are determined (error estimated to be 5 to 15 percent,
depending on the gbsclute magnitude of the load). It appears, therefore,
that equation (') is adequate for estimating vertical—tail loads when the
correct sldeslip angles are epplled. . : g

CONCLUSIONS

Fram a theoretical analysis of the motions of an airplane in a rudder—
fixed, rolling pull-out meneuver and from comparison of the results of the
analysls with flight dats the following resulte have been obtained:
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1. From mmerical solutions to the theoreticael squations design
charts were developed for predicting the sildeslip angles in rolling pull-
outs for a wide ranges of variables.

2. A gimplified expresslon for computing the maximum sideslip angles
in rolling pull-oute was derived. The maximum sideslip angles computed by
this expression were sufficiently close to those obtained from flight tests
and from the design charts to warrant use of the expression for prelimi-
nary estimates of the maximum sideslip angles and hence the meximum

vertical~tall losmds.

3. An approximate method was developed for treating cases of non-
linear dilrectional—stability characteristics. From a limited compsrison
with results obtained from o numericel analysis of the theoretical er—
pressions, the approximate method eppeared to bes generally sapplliocable,

%. The vortical—tail loads in rolling pull-out maneuvers corre—
sponded closely with those calculated by the simplest methods whon the
actual sideslip angles attalned were appliled.

Ames Aercnauntical ILaboratory,
National Advisory Committee for Aeronasutics,
Moffett Fleld, Calif,, August 1946,



NACA TN No. 1122 ' 15
APPENDIX A
EQUATIONS FOR NUMERTICAT, ANATYSIS

The solution to the Jinearized lateral equations of motion (reference

9) c‘z_ = %}:--_— Clh{-b.\l +‘Cz’.-‘:—-b +CZ P'l‘czs S‘ ]
® 3 s Cla oy * folia Mot
( ar —P > <—r ) (o 22 ) 2’ 2 -

~

» . Cm, b¥ 1 N C
Cn= ﬁs = C"P%'u *C"rw * "A(” g3

(352) (E=2) (o gegeby o e

A S >

Cr=Cmp = %5 ¥ 25 &~ s

—

. @) + <§é‘=—. 28 Org ) = .

- ;--?‘-—':' . _#'a rc"
4

1 i\- M
(A1)

wag obtalned by operational methods using the Laplacian operator, such
that (reference 10, p. 2)

[ae)

£(s) =/‘1-~'(x) 5T 4y

o]
o™
]

= I = af x |
sr(s) (o) / = e 5% gx (A2)
o

The reduced equations, therefore, can be written,

1., Ciph &Cp
B( e i )F Lo _F -
1g ig i, CE
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( Cnp> ( Cnr> 24 Cnph amnﬂ

le 8ig

5(—9&)+5+6<---%0Y3>=o (A3)

2s

provided the initial rates of roll and yaw and the initilal angles of bank,
yaw, and sideslip are all zero., The solution to these egquations in terms
of engles of sideslip ls given, therefore, by

BIGEIESICESNN
(%) (o) (n 20)
(-2 (1) (0) _
B=1 ¢ . — > (Ak)

(+-%) (-%) (wez
(- 52) (oo

<~— = (1) (e —'éCYB).".t‘

g J

where the symbol I~* stands for the inverse of the operation indicated
by equation (A2). The reduction of this expression 1s normally cbtained
by factoring the denominator of squation (Ak) and msking use of the ox—
pression

2 < a = et T (45)
8~An
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In thes present case, howsver, the denomlnator represents a quertic
for which there ls no practlcal general factorization, so that either a
numerical solutleon cr siwplifying assumpitions are requlred tc obtain
quansitebive resulits in terms of the derivatbives.

The design cherts vresented as figures 4 ani 5 were obtained from
numerical solutions using values of the derivatives presentsd in tebls I.

APPENDIX B

DERIVATION OF APPROXIMATE EXPRESSION
Neglecting the terms 2Cy, and G, /i, in finding the roots te the

quartic, an assumptlon which 1s best for high—speed unaccelerated flight,
equation (Ak) is written '

)
| (- (-5 (i
(-22) (e Cnl”)( siJ
(e (1) (0)
o —> <—a°’;§“>
k © @ (s- -_cYB> *

This reduces to

1
Clp 5C1,CL ACpp 3 Cnr 2‘ L0
~ "(s T Tig ~ g8 sig |~ + s ¥ Tglg
B = : (B2)

(s ~ (Czp/ia)] (s —a —1b) (8 —&a + 1b)
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where
1 1
@ 53 | (on/t0) +Jorg |

and where, by further neglecting
[ (Cya/2) = (Cnp/1c)1% /b

ag coampared to
2‘1(0115“/10)’ b = */QI(CnﬁH/m

[

The part of equation (B2) multiplying 24(&Cnu/sic) roduces to
~[s - (Czp/ﬁ.&)] since = (CerL/ie,) may be neglected as compared to

Cip/is. This part can be rewritten

FA'o NS ( o1
~# 1s1bs \ s—a~ib “g~atib

which, according to equation (A5), has the inverse transform (referonce 10)

gin bx dx (83)

The part of equation (B1) mhich multiplies oy(sCiu/1g8) can be
rewritten

1
C1 a o
AC C c : x5 > + b”
i np 1, 1. Ty a
(-— + 50, ~ 301, = — =
sla 1c 2 27" 8iq s ~ (C1,/1a)
[ T } 1 1]
Leib[g (C1p/1a) + 1b] L2ib [a = (Cip/1a) - 1Y
.8 —a—-—1b g —~a + 1b

which, according to equation (A5), hae the inverse transform
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n. Cn,. 1a C1
P 1 T P
e O PO P Sl
Mo AT Forfngle LTt TEL, T i
1g Czp(a2+b2)1c [(C1p/ia) — 8% + b2
o _
i} _GC1
i - —CL + 21 8.2 + -b2 R [
° ° 2% cos bx

[ (Cip/1a) — a]® + b®

1 ,Cq
N -
+ e®X gin bx
E(Czp/ia) -a)® +p?

(C10n,/2bie) [&5-DZ —~ a(CzP/ia,)] /(a2 + p2) ax
- : e sin bx ax (B4)

[Cip/ia) — 2] + b®

-

By assuming now that Cnp = (C1_',/16) and the adverse yawlng-moment
coefficient of the aileroms A, is equal %o (CL/16)(ACz/Clp), and <‘\

changing the notatlon and the varisble in order to simplify the results, f
the sum of equations (B3) and (Bk) can be written e

vt .
?')

Chh}l—b e G’\'A& o- '

Vv :

I
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| IpNs Ighplc
B v t/* 1 Np 36T TR ( )Lnx
=/ ',;Nric " +
(ACLCL ) T ag® + bi® “(Tp < 81)7 + by ®
CZanB

] 1 2a; — Ip
-—-+-£ic 1 - Mn-(f‘”?""" ]

16 812 + b2
- TpNpe ** com byx

(Ip - 81)% + 1,®

. % [I’P'bl< ;_- mic> (I'P - a;,) l'ichI@bl ¢ lal;‘ Elbl-a- B.J_Ip)

(Ip — a3)® + b2

- L ba, J o™¥ g1n b:-L x ;ﬁdx ' (B5)
16
where
a1 * "'(Yv + Nr)
by ® ﬁﬁﬁ:

Equation (BS) mey be written

B°max

= £(Ng, Ip, Np, Yv, ig) .
(aC10L/C1,0ng0) . .

As an Indication of the megnitude resulting from this analyais, the
Tollowlng approximate values were chosen:
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Ny = ~0.126 — 0,050 Ng
Y, = =0.177 ~ 0.012 Ng
ic = 0.1)-"3

and equation (B5) was plotted on figure 2 for various values of Npg and
Ip. The curves show that for the assumption mentioned, equation (®5)
may be written with 1ittle ervor as

BOmax 1
(AC1C1./C chngo Yy b

APPENDIX C
APPROXIMATION FOR SINp IN THEORETICAL ANALYSIS

The assumption made in solving equation (Al) that ¢ is equal to
8in? 1s equivalent to replacing the sine curve with a stralght lihe
having the "same slope as the initial slope of the sine curve, and becomes
increasingly errocnecus as @ becomes greater. A better approximation
mey be obtalned by finding the slope of a straight line which has the
psame Integrated effect as the sine curve. This relationship may bo ex—
pressed mathematically by :

Tl T
f k¢dT=/sin£pdT
J J,

T

f1q><k—smp)d-r=o (c1)

- o @

or

where k represents the desired straight llne slope and T, is the +tlime
of meximm sid.es_lip.

The angle of bank will certainly be greater than zero in ’shé re—-
gion considered aend may be replaced by some average value $, so that
equation (C1) can be written as
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T, ‘
f/q(k-tw)m=o
o} o .

or
1 % ging
k » — ~ 4T (ce)
i/ @

l¢]

Tn order to solve equation (C2), an iteration process is used. That is,
equation (Al) is solved with the original substitution of ¢ for sind
to determine the variation of ¢ with +t and the valuo of 7, . 1bose
values are used in equation (C2) end _k 1s determined, This value of
k 1is then multiplied Into the term HCIfp of equation (Al) and equation
(A1) 1s sgsin sclved, this time for p, This second lteration usually
is sufficlently accurate for the evaluation of Pmax; but if a check
solution for @ and T, shows that it 1s not sufficiently accurate,
the process maey be repeated.



NACA TN No. 1122 23

10.

REFERENCES P o

Gliruth, Ro‘bert R.,: Analysis of Vertical-Tall Ioads in Rolling Full—
out Maneuver_s. FACA CB No.- ThH1L, 19’+’+ . )

Pearson, Henry A., and Jones, Robert 'T.: Theoretlical Stability é.ncl
Control Characteristics of Wings with Va.rious Amounts of Taper
and Twist. NACA Rep. No. 635, 1938, _

Weick, Fred E., and Jones, Robert T.: Resume and Analysis of NACA
Latera.l Control Research. NACA Rep. No. 605, 1937.

Swanscn, Robert S., and Priddy, E. IaVerne: Lifting—Surfece~Theory
Values of the Damping in Roll and of the Parameter Used in Esti—
maiing Alleron SBitick Forces. NACA ARR No. L5F23 , 1945,

Wolowicz, Chester H.: Prediction of Motions of an Airplane Resulﬁ—-
lng from Abrupt Movement of ILateral or Direc’cional Controls.
NACA ARR No. ISEQ2, 191&5 : -

Pass, H, R.: Analysis of Wind—Tunnel Data on Directicnal S'ba'bility
end Control, NACA TN No. 775, 1940.

Bishop, Robert C., and ILomax, Harvard: A Simplified Method for
Determining from Flight Data. the Rate of Change of Yawing-Moment
Coefficient with Sideslip. NACA TN No. 1076, 1946.

Recent, Isidore G., and Wallace, Arthur R.: Wind-Tunnel Inveasti—
g&tion of the Effect of Vertilcal Position of the Wing on the Side
Flow in the Region of the Vertical Tall. NACA TN No. 80’4 s 1641,

Jones, Robert T.: A Study of the Two—Control Operation of an Air—-
plane. NACA Rep. No. 579, 1937. -

Churchill, Ruel V.: Modern Operational Mathematics in Engineering.
McGraw-Hill Book Co., Inc., 194k, i



1 [ .
QL i - - 1 N
1 ig— 1 2 3 L 5 &6 T 8 9 10 11 12 13
ura—~ )
tion

C1, ~0.155 1-0.455 {0.455 —0.455 0455 - [-0,455 ~0.455 0455 |-0.430 -0.4315 |-0.h55 0455 |-0.155
C1,, 198 | .198 | .198 | .108 198 | 198 | .198 | .198| .189 2180 | L0578 .o578| .108

Cop | —-OHI0 | ~.0h0 | —,0hk0 —.04{;0 -.0hho -ohlpo ~.0uk0 | ~,0440| —.0h03 —.0525; ~.0128| ~,0128 —.ohkq
| i - | 0669 ~.0669

cnr —-0669 "'-09_55 it _-%69 —-0955 —"-]-580 i ""10955 —00955 : '7-0982 _-0959_ —-0955 ""-0'955 "-0%5
B} . - . . "'-15&)' “"015&)

) - L0229 0229 -

0515 L0515 .0%15

Cog | 0229 .0515| .1030| .o229| 05150 .1030] .0515| .omis 0515 .0s15| .
. -1030f .1030

! oL o - . S 1 - ' : —-.h29 '~.h2_-9

C‘Iﬂ ~J2g9 | =527 | —.650 | —.h2g ~-527 | —-.650 —927 | =527 =527 |- -.527 -.527 | =527 | ~.597
e | : 650 | —.850
CL -9 ¢9 09 . -9 -_9 . -9 . -9 -9 -9 -9 ' -35 . n35 '9
la- |06 [ 06 | .06 | .06 | .06 | 06 | a2 | o6 0§ 06 % | .6 | .08
1, 6426 L a6 | 6 ] a6 | 6 | 16 | o 16 %1 a6 | 6 | .16
ol | a S L 2R v b m] ]| w |
120 120 120 T 120 120 © 120 -

a 6 6 6§ | 6 6 6 6 6 5 6 6 6 6
h 5 5 5 |5 .5 5 .5 5 5 B s 5

For caniigurationa 11 and 12, Cﬂr, CYB, and Gnﬁ were combined only in the same cabinetionns as in
coligurations 1, 2, and 3.
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TABLE II.— VALUES ASSUMED FOR AERODYNAMIC PARAMETERS

IN DETERMINATION OF DIRECTIONAT, STABILITY

C,/OB OF THST ATRPTANES

Airplene | Alrplane| Airplane
1 2 2
Paremeters (total, Confign—~| Configu—
two ration 1| ration 2
tails)
Total vertleal tall eres,
Sgs g fbe o ¢ o s 0w .. ] 910 26.58 23.72
Rudder arees (eft hinge line),
8G PE. o o ¢ « ¢« « o o o o o 33.6 8.65 8.30
Balance area, 8 ft. « « +» +» o] 9.56 1.97 1.96
Height (center—line stabi—
llzer to +tip slong hinge
1Ine), THe « v o o o 0 0 o o) =——— 6.51 5.20
Hoight along hinge line, £t. .| 8.43 —— —
Effective aspect ratic of
vertical %ail. . . . . . . .| 1.56 2.h7 1.77
I, TP 0 o v v o o 2 o+ « o« » of 28.70 18.59 18.59
BCNt/aat e e e e e e e e e .038 049 L0k
Ty s s e s s e e e s e s e s 655 585 615
a5-/a8° %L L L. ... ... .620 1.060 RIT-1s!
Xp/3E° 2 .. ... ... .. 00008 ,001575] .000450
qt/q e e v s e v e v s e s 1.0 1.0 1.0

1In steady sideslips from £light data.
2%, /3B° 1s computed from the expression

Cn

(3CNg/Bee) Tr (agfa) St 1o (a8p/dR°)

ap°

bySy
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Figure 1.~ Comparison of vertical-tall loads computed with
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measured in rolling pull-out maneuvers in flight. Airplane 3.
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Fig. 5
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e

AIRPLANE | AIRPLANE 2 - CONFIGURATION
WING SPAN 70.7 FEET WING SPAN 38.3 FEET

AIRPLANE 2 -  CONFIGURATION 2 AIRPLANE 3
u WING SPAN 36.3 FELT WING SPAN 34.0 FEET
FIGURE 8- TWO-VIEW DRAWINGS OF THE AIRPLANES :
TESTED IN FLIGHT
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